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METHOD AND APPARATUS 
FOR GENERATING A VOLATILIZED LIQUID 

BACKGBQlfflP. OF IBS Bfl22fllfl3 



and prcftxtbty mamt^im (be mrface bstgperalmc of the tube 23 below 400 *C, as 

thai eempejarnie for periods of tone. The v otatilirrd material exf*mli cct of die 
opes ead 23 of (be mbe 23. The voJatQixed material ndzet wtrb ambieniair 



FMd of th« lunation 

The inventxan rcfatti gsenDy to I flflribb? pblftWBl tfail f 
Bcnsols tod Ttpctn dxroogb die voluilizstian of i liquid text Hbcmoxy testing sod 



Dcsglfftfya pi RdrtgLArl 

U.S. Pued No. 3,743251 , wtucb is ia oap ui ii e d bereiD by r 

icroso] jcofrarni Aal iatteka a mix having a 6nJ open cod. The 



aerosol pania fimber iactndo a hater fig httdng (be tube to a teapcnBat 
nifT h w n i to vob&ltze nuteriil in a liquid form in the M hr soch ttaa the volmlizcd 
boat of the open end of the mbe and nmua with ambion aii to 



13 An earad gnurasar 21 ftrmnimg tn U.S. Parent No. 5.743.251 b 

KbenantaDy chewo with rtftxtnee to FIG. 1. The aerosol grocmnr 21 frrMrt 
o tnbe23 having tn open cod 23. A beater 27 b posidoned adjzoea to n teas: • 
portiQO of the tube 23, bed preferably ia a way thai provides a healed nne tronnd 
the od)e that oaxinnzes beat enssfia ererdy thxoi^tbooJ the eeaied rone. The 

20 beam 27 b connected to a power snpptY 29. preferably a DC power mppjy, inch 
as • battery. 

tn opemioa. a (not fbovn) in liquid tuna b Luoortitted to Che tube 

23. Th* 77 the pnttwm nf rhg nAe 21 to a i u fTk i r ifl t nn i VTBrnr e to 
^HriUyr- ebe frpri^ rrmariai fa ibe cmc of tt ctpiPE Bqtnd oatDnL the heater 
25 prcftrih»T ban ihc lija«3 emmaj pst m ±c bc£li22 fwi» of the Ixpud rrucntd. 



The tube 23 b a capilhry tube or a p or tion thereof having an inside 
diameter of between 0.05 and 0-53 millimeter and the tnride t'mvrm of the mbe 
tan \it ijyi"ffii , **^*y ^ ^ tiwiWm»«p» The tnbe 23 can be a porti on of a foxed 
pljca capillary cfftuntiii ao a ^ >>f *'» T * fw silicate f *nil^ tnbft, ox ffforr p't^^w^ 1 ^^^^ 
10 DOQ-rcactivt aiXzrah capable of wuhaxnding rcpcSrxI bcarnxg cyUo md 

generated pressnrcs and having writable beat condoctmn pioperues. If desired or 
Decessary , an inside waD of the mbe 23 may be provided wiih a coajrag for 
rrdncing the tendency of material to stick to (he wall of the Cobc. which coay resah 



15 



may be tun " linn } htto the tube 23 thrazgh the open end 25 when a a desired to 
ftt nf\ mn aerosol. 71ms, when the liqnsd nx^enal b h***^ by Che ^^*ti'r 27, the 
v oLtfllittd eaiierbl b onl y able to expand by exiting (he tnbe 23 throcgh the open 
end 23. However, (he second end 3 1 cdrheodx b csittasazd ro a mrce 33 
(shown by dotted lines b FIG. 1) of liqnid mxteml. The hqmd material b the 
ponkn of the cbe 23 vcbtflaed by the heater 27 b pi even te d from expanding b 
the direction of the second end 31 of CoeBd>xaadb«o^caac^th«c«>aeBd2S 
of Che on^ as a irsoh ei bacl pressors 

material. The bad pressare of Che litprid a between aboo 20 to 30 psi. 

ti u rr^mj**** rhn a ^rirty ofnBaahe dzretooed Cor the arreaai 
r described above. In o r d er to investigate cocb uses. 0 woobl be A* tlnSIr 
arcanaa eapabse of p a t nnag vapera and aerosob to be evahated. 



fflJMMAKY OF THE IHVEMIflX 
The invention provide! * pzogrannBatte iustruiueui Cor v olatflt c m g liquid 
mj fir ta i tints facilitating urvestigstious] use of the viponzcd liquid for various 



end/or pxccuiior vapor, such tj 



S A material to liquid farm is supplied to • flow passage md the liquid 

aapatal b heated to a temperature snfflrirrt to vrvlarUpx the material tech that the 
mttrial expands out of the flow passage, which rcsnha m a vapor of (he 
volatilized material, the volatilized material, then if desired, condensing upon 
Bshdsg with air to Conn an aerosol. A programmable controller is osed to control 
10 delivery of liquid materia] to die flow passage and/or control beating of a beater 
s for volatilizing the uqmd* 
An CTflbOlflment fa dhrgfnd towards iiHtiuunt and tnrtTtnd fig 
a in tni'Tnl with ■ flow passage rtrfinnd by ■ metal tube capable of 
conducting dectridiy. The mho has a first open end and a power supply for 
IS flying power to a heater cornprra a tectkm of the nibe nich thai the 
tube hrm to a temperature mfSriem to vntaTfl.br: the liquid materia] b Qa flow 
pa ss a ge. The volatilized material expands cm cf the open end of the Sow passage 



and a heater wfckh heats the Bow passage to a tempcrarnnr sufficient to volatilize 

cod of ftt flow p*Tt*j^- Ttic ^tatilbxd mutTiil muty then mix wtib m^fe m ££t to 
form nn aerosol. A controller is operable o coaimain the temperature of the flow 
p7T"t* and regulate the flow of " |j *n The controller is preferably ca p able of 

pa meters of the m m cznCBL hi addition, the crairoUtr ii configured to be 
programmed for different parameters asso c ia t ed with the generati on of the aerosol 



t can be osed fbr 



A further cmhcdsxmi is directed m an tnstrtsncm and ***^tw«i for 

abtihzxxi liquid hachsaing a flow passage wto a fim open era* and a 
pfamlitT of heatera for heating the flow passage to a temprnmirr fnffHnrt t>> 
volatilize material in liquid form in the flow passage rach that the volatilized 
mU nla l expands am of the open end and may mbt with mut is m «ff q form bs 



a nwhoifttf piwMhig i;! aerosol or vapor cansarisea Tqngf trttingn 
10 target param eter , each as resistance cf a beater arrangement, such as a resistance 
heater, em ir^ntntihij to s ntmperamre sufficient to volatilize • H q " y1 i m tf ? ■( 
within a Sow passage healed by the beater; applying a Equal material to the flow 
passage; periodically ^"^"^g (he p a rame te r of (he beater, comparing the 
piraoatrr to (he target parameter, and fntnrjrir^ the beater when the [wv \\ r **T fa 
\S less (has the target parameter, hi ^fo^ ^whrtrtiwymi^ tti^ m^^^ j t^iujit i^f i 
setting a series or range of target parana e tera fte., muhipfe or variable target 
parameters), such as a scries or range of resistance values of a beater. 

Another embodiment is directed to as muiuiuent fbr gexaaatam of 
volstibxed material, whkh comprises at hast one flow passage having on open 
20 cod; a liquid supply openbie to supply liquid rrcsrtria] 03 the flow parage; u lafl 
one heater ada p ted to heat the flow passage to a ti 
material in liquid fbrm in (he flow passages 

optionally being admixed with ah to form an t*?*"*! a first flow path in fluid 
25 communication with the open end of the flow passage; a second flow path in Qnxj 
conanuaicataon with (he opes end of the flow passage, the second flow path being 
different from the first flow path; a first valve in Quad communication with the 
open end of the flow passage; and a controller operable to monitor a condition of 



tnatnrial or a er os ol (I) flows throogb (be fint flow path when the h t a rn is In a 
heater is mac 



BRIEF DESCRIPTION OP THE PRAWgfffS 

which: 

FIG. 1 is a tf ^""» t ' r view of bs aerosol generator according to die prior 

art. 

opnitrt a Curd supply and heater arrangement. 

FZC. 3 is a oka of tnnpnramre versos i csistanee of an 
FIO. 6 is a pku of resisrance of a resistance t 

DMbOBseJifidp 

a is not supplied power, 
FIO. 7 mows another nubortrmnTt of an fa 
oprratn a fluid supply and b earer 





af nwol sprays of finely divided panklfs of liquid and/or cotid, e.g. , powder. 



s p ee d. Aerosol g 



i only prodsnng vapor, due to 



oano panicles and other powders. The vo TrrfllJ i m uk of BusM 

precise and cost effective manner. The cses of aerosol! 
ahto have *ppi i ^aiHjf n m area of mbricataos, where 



of the 
of particles of 
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ptafcna ctpshle cf prododnj en aerosol precursor vepwwifct variety of user 



o be used te such tnvesnganonal purposes or used 
S fm mm*wt»' podnetjoa of prodoco fanned as • result of. or to canfonfrinn 
with, aerosol or votaflizadra of one or nm materials. 

The tnjtnnnent mcorporates a programmable vapor g rnc i Mn r as described 

tbOVC P" *M Mft i n w w« Of ftp hmnmat qa IHB0TpOrite ntwn rtaefrnmr 
h^njxmjr. itfA pttlunie Af^jyi** tn iriiVw itemed riijatll»« Fai msOmce, tbe 

10 hmm neHi cm ha Bed to control and measure (be energy tpptted to generate the 
vipot as time sales of one tnmdrcd milliseconds or less. The iiauaiaafl cm be 
programed to control vapor generation by i variety of control atrBtrgire tad 
ngnj a variety ef different vapor generator designs. Seme of the control 



15 energy profiles, cms 

consuoil snd variable fluid flow profiles. 



a and variable fluid pe es aire 



20 variable, itepped beater resistance profilea, each as by raying the r 
parameter over time using one or pate prcdttccgiaad funUt 
Other contiol strategics oat can be used iaejudo coosttt ad wUde dntjr cycle 
profiles. It b contempliied Oat the mstrumcm on be used far dnttatie riia n on of 
seroaob for tte delivery of medkatitm to the tongs, cfcara tt c rigo ion of aerosols 

25 for hftOTItwy fl p " r*™-»t-fT-riTw^rm af agmmls far hih ai artnn gndtea, 

charactcrbzhnn of aerosols for tbe application of pc st i riita . cbaracterizxtmn of 
vtpOTB ffit tn HV ' *" , *fr m * ppl triti"nT. ^ trte. However, then 
can be wed te ccnnnrxciil production of product! if so desired. 



The liquid can be delivered to the heater smnguueui by varioos 
, For instance, ■ syringe pump can be used to deliver liquid to the 
hratrr tmmgnncni in which cs^ tbe lkrnjd csm be deiiva^ tt a camona rate for 
a predetermined tone. However, if desired, the syringe pemp can be used to 
deliver liquid to tbe healer auti^ i »■ nl at a waiuhle rate A pjogriniwnl 

of a Uojcdd pump, which withdraws usypcl from a ronTitnrr and delivers the flojuid 

Cm dHE »T the Ht["*d ■* ■ v»wflSle rate tn rtw htata amm gwytp With EBCh 8n 

arrangement* the pump would continuously circubrtn the liquid and a valve would 

w h erei n a valve is used to deliver the presmiix e d liquid to the heater arrangement 
as Instructed by the controller. 

The beater uracgpi iBH can be dtj j g ut sl aa a i fplwciihl c unli. For 



s wherein the size of the flow passage can be varied win respect to 



length and/or width thereof. Likewise, the he a ter used to volatilize l iqu id in the 



Preferably, tbe flow passage is a capillary tired flow passage with 
nerse dimensions of 0.01 to 10 preferably 0.05 to 1 pm, «nd more 



preferably aboutO. 1 to 0_5 mm. A-tterrmirvcly, (he capillary pt**^g* can be 

25 d»fIri»H fcy tjwfft***** rrem trrl\rm*l wm nf Ifcft pxogr , which cm he M t tn 

SO mm 3 , preferably 2 x 10* to 8 a 10 -1 mm 1 and more picfen bry 8 a lCr* to 2 a 
If/' mm*. As an cample, the hemr xmngnanA can co mprise a st amlcss steel 
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me behavior* aerosolized rhtto 

comprise mam t'y|M*fa™e needle ppgea. A 32 gauge needle has an tafisxsl 
diameter of 0.11 mm (0.004 inch) and a 26 gauge eeeoTe has an mttn^ diameter 
5 of 026 mm (0.01 inch). Thus, if a higher flow rate of raqnid fa desired, a larger 
sized flow passage can be used m volatilize the liquid. Although a stainless sted 
hif* can be used as a combmatsOB heater /flow passage, ochex arrangements can be 
used fur the flow passage/heater anangemenu Pur mstsnce, a err amir, layer can 
be etched to provide a groove, wmeb defhsea die flow psssas^ aisj the ceramic 
10 layer can be ovedaid with aaahcx ceramic Uyer, which iu corpor ate s a healer, 

snch a b pluhmm heater, arranged to heat liquid in the groove. Like the milnVu 
Bad tube, the resistance heater can be heated by passing DC currcsn thcrerhicasgh. 

For insancc. • resistance control scheme can be used to mrntmii e overheating and 
15 on d cj of the hrnrr iH^m pf "" lt b particolar, a program can be used to 
sewpowaotheheataimiflao^ Under a power 

control scheme, a certain amount of power fa supplied to the heater ana iigrm e rfl 
and the power h monitored and adjnsted to maintain the bmu arr aim u m ' i \ i at a 
deahed DSTersmre. b a voltage control scheme, a certain votngc (eg., 4 rata) 
20 can be ccntfaxnoasry supplied a> the beater arrangemca sad a program (e.g., 
ajgariflBa) a nstd tn irmite* aed mrintiin cne vohage at a argg vatae. As as 
esaenpte , fl je ? nrn rf\ r T can be p rogranau ed m control delivery of a pulse of power 
(eg., doty cyde of 15% to 100% using t fixed pclse and pub* width of 1 to 10 
msec) tn (he beater, measure the vofiage drop across the beater, calcchne the 
25 iyp | >>» iwM B ^» r^^ T |i r rr fffaT»» irfiiighatef tnd ammsl the cm/eff tzg^ctf of 

essergy tn ts> heater irr t iyB » i « m ^^mAn % eergei resistance vame ef the beater 
trnagaaea hi a preferred arraagcixm, die on dme of the dnry cycle fa 2 to 4 
rmr^ywpfirtf fifl t^* fif? rf yy jj Tjjied between 2 and 16 ro il l a ytt sads. 



The instiunscDt can be operated in conjunction with various dcsectori for 
analyzing me volatilized fluid. For *t,«*™*. % fihex can be used to collect aerosol 
anddttcrftctriacroscJcan 



5 dbtnhiTTTTTn. a coDcctkni device can be located dose to the jet of atmnired liquid 
produc ed by the heater anangemect, or a manifoM can be used to confine the 
aerosol end direct the aerosol m the esiflectkm derice. Another possibility fa to 
use a device wham passes light through the aerosol to measure how thick the 
aerosol fa ml dms measnre concentmion of the pardeks tn ihcacrosol. The 

10 hsrjument can be used to smdy the effects of vaporizing various hydrocarbon 

meis t T7«-fi as jet fuel, gasoline, dtesd. kerosene or the Hkc Another possibiliry is 
to use the bastrnment for smdying [^ffirr^r opplkarinn, eg., the beam 
arrangensent can be used to produce a fine log 01 coarse spray for tmnjgstxug 
plants. Tbe msnmnenl can be osed fa cmicrjlogy smdits wfxrem laboratory 

15 animals inch as rats can be used to observe the efleaof inhaled material. 
The camrrolh? cam be c^rogranntad 

d be used co sore 
occ of the beater. 

meal energy seta to the beater, power, vohage and/or anreiSL Tbe memory can 
also be toed to Store dnry cycte and/ca ume to reach maty stare. Former, each 
p a am e tns can be plotted on a screen or primed out daring operation of the beater 
aj ■ijj^ipfwi nf d g bUer cone. 

The rnsaumesi can be designed to prodac e a pmraxhy of tassa afa ed Gqnsds. 
For enstaoce, a n^ i fn t t or frwwrfaM r*n urnged co receive (he aszosoflnsd 
t w tp j i pMni^ '* lr j f " «Tmgriiffi nA For cczmpte. two or nxnr hrxxa 
a be arranged along the axial length of a mhe and the flow 
a of flat beater arta ag e fl a no can be oriceeed to defiver the vaporized fhrid 
n % diF*** !^ rT Tr- t '"' Hf ca the axis of the mhe, or the dgeohom of the 
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vaporized liquid cm be cm>?erpeadicota te C* obe ««. Tbe multiple boar 
3 can be spaced apart axiaOy along die length of lbs mbe, or spaced 



The controller as be operated by * user mterfacc, which allows selection 
S of various pi ogi mumble variables to be input mto Dxrnary for ope r a nnn of tbe 
mstrmnent. Tbe c o nn oiler cm be programmed to t rrtttra en algorithm which 
perfamu akoladom bated on tbe following variables. Any suitable algorithm 
on be used to achieve (be desired cmnrol jchfrar, eg., algorithms provided wbh 
e onmoa l ri« gpn<rir eauipmeia available from Agilent Technologies, lac, Palo 
10 Aim, California. See, for example, U.S. Patents Noa. c%2tf9,267; 6,173,207; 
6J46.613 tad 6,205,362. An "event" variable switches tbe program between 
to ran (event -0) and running (be beater (even- 1). An event 

activsaa a counter far sensing i digger signal. A "poise" 
ygable uujuponda to the output state far sending pager to da heater (poise - 
15 1). In a preferred rmhrrtnTKTrt, a 'pulse count* variable activates ■ counter for an 
ter cycle. An "event coon" variable corresponds to the 
time in milliseconds daring a ran. A "resist target' variable 

t target resistance for die heater during operation. An "energy" 
vuiibie is (he ccnmlatrve energy sent to the heater. A "resistance* variable is the 
20 measured resistance of (he beater. An "energy COEF* variable corresponds to the 
calibration coefficieoey for energy. A "resist OOEF" variable is the calibration 
coef fi cient for resistance An "armed* variable baficates which kind of trigger 
. wffl be used to itart the run. A "time' variable is the length of time far a run 
defined as the time ttB beater is powered and expressed In milliseconds. A "vd * 
29 coro<* *»rt*bk *^ff*r» ■ conntn far timing the valve or energy delay. A 'valve 
delay' variable can be used m open the valve after (be beater is activated, (he 
vahreddzy being the thne lag m miltrp^nrii hrwrrm «rylying fttwrr tn 1h* 
beater and opening the valve. A 'beater delay* variable can be used to open the 



valve before the bcattr is activated, the beater delay bemg the time lag to 
nulhaocoods between o p e ning (he valve and apply tog power to (he heater. 

FIO. 2 shows an embodiment of volatilized tumid generator 220. The 
volatilized liquid g e n e ra t o r toctodes a oembei 221 d rfiain g a fiow pas sa g e or 

power snppty 229 to applying a voltage to me mrrnbrr 221 such that a current in 

material in the fiow passage 223, r*rb that (he volatilized material expands out of 
toe open end 225 of (he flow passage 223 and, if desired, mixes with the auihlrnt 
10 air to form an aerosol. Liquid can be snpplted from a souice of material by a 

The fiow passage 223 in rhfa osponsscttl is preferably 304 ssdntess fftrri. 
However, any electrically c onducti ve ma tf jia l capabl e of being rexotrvcly beared, 

IS experi en ce d by (he flow passage 223, and snffickntry ram-reactive with (he liquid 



has an opes end 223 that allows the bested tnatrsial » escape and as csd 231 (bat 

20 Tbe power supply for applying a voltage in (his CQjbodimeot jnrJndfi a 

voltage source 229 and two terminals 227a and 227b. Trie voltage source 229 can 
be a direct csfresi battery. However, tbe use of alternating cmrern °^ ri ^ also be 
effective. Tbe tr*rmm»u 227a and 227b are preferably in contact with at least a 
portion of the perimeter of the member 221. The contact terminals 227a and 227b 

23 are preferably made of a material with a low resistance compared to the member 



rcrmsnnnu 
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The ntembo 221 is preferably heated by resistance heats 

to the member 221 from the voltage so ur ce 229 is governed by Ohm's 



(1) 
(2) 



V (voltage) » I (correct) * R (resistance) 
Power*- V I- WR 



In ts rKTri ftf i for a 0.001 to 0.020 bach ?»Twp»t djameter/D.018 to 0.030 

of ab oot 3.12 ohms (for this T"pi» » ««Ji"» nj the ""^pnrr* mpj jrt* corfltant for 
aB trmpenara) and the vottage sonree su p pl y in g 2.3 volts DC, the rate of 
10 energy transfer to the flow passage 223 b as follows: 



Powcr° f2J VV / (3.12 ohm) = 19.5 jonles/sec 
Thus, (he beat 



(3) 



is a fhnction of V (voltage drop across the 
tan* R of the tube. 



15 been fonnd to operate mriru ftiOy in gnmatmg a tA^w from laftml propylene 
glycol, wbeo opHiwl egpnamooary at ippnxxhsatitry 2 J5 V<iha and 0.8 Amps. 
Tbe power supplied by the vofaag e intnxe op e ratin g at tins level is dose orne 
onmmal power i 1 \\ ^^^^ for "iff nfP**^ propylene glycol at a rate of 1*5 
rmTBfjnrrp per irmnA u unaospbcrh pTTt"iTi Qhsoatihg tins the vnTrrilired 
20 bqnjd generator 220 may be operated efficiently. 

Tbf Trt*"'f" , H KrfrM p»nrr»Tra T7Q my he r^rrurd rrarrmtrrrrTrty. c_g, 
on de mand , as ^K rT " c *^ further below, contisooosry, or aecsrdmg to a 
besac 




One or more valves may be provided tn a flow fine between tbe imn^. 233 

10 material in Arnold form is pumped by a p* |m p 235 in metered amounts (eg., 

remammg marerial m flow bne between die socrce 233 of material and Che 
pqting ro ue pro v ides a barrier to prevent expansion of (he votstihzed 
materia] mthe direction of tite upstream end 231 ofthc flow pasaag? 223. Tbe 
15 pomp can be operated by • etepping motor to achieve precise tsetering of the 

liquid mccriaL However. Other arrangemenrs can be nsed to dePver liqeid to the 
flow pa***!* 223, e.g.. a syringe pomp, which holds a qoastny of fismd and 
delivers prfiv <piantrtics of lnpnd or delivers bmnd at a constant flow rate, a 
ringk shm 4ri>TTy "^^Tr^. Stlim m prtm vnhnne of Eqmd; a 

yjrve, which controls delivery of the fiqoid to (be flow passaxx 223. cte, 

FIG. 3 tTTm^r*^ »" rrnhnAhrrr* nfm i ng mm em 300 fim mremftfrt 
v aporixation of figtrid eaarial Tbe instnrmem mctodes a flow passage 323 with 
s dowixstream first open end 325. heater 310 fml^anng the flow p^ 
25 ttm pq atorc p nxM tM ^ *i**irr?r> fimfid ngarial fa the flow passage 323, each 
that the votoflrxed material capand s cm of the open end 325 of tisc flow passage 
and, tf oV^ jr fft . *^ with amhtent air to form an aerosol. 
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10 



130 for QperCLCg the holrr 310 
tod delivery of Liquid bum Ikrnid source 333 to (be Qdw passage vb aporian of 
a valve 342 and pump 333. The controller 330 also directs the storage of 
parameters irr j *'i lfF *^ with generating me v ohrtihre d bqtud in s mf rnrjry 331. The 
3 commlla 330 sbo operates a fwfachim mmj{eujuu a switch 340 fen applying 
power to (be heater 310. The memory 331 is provided for recording parameters 
such is ftpM flow niE tad energy transfer, as well as tmrim) opoidoml 

p r o gram s. The namtzzniog tad/ax recording of tsaocsatcd pmmetBi with 
fwpfti to opffirlro of Ok w»tifflrwi thpdd gronitor may be disbud wbeo 
oy B jflfl if iiri tpxalhy of the ^piff shuts vapor sod (be 



aerosol. Abo associated wfah (be controller 330 b a display 352 to assist a oser In 
visually to o n tari n g (be generator while to operation and alto Cor displaying (be 
user settings aad rbe comnaj of the memory 331. 

The beater 310 can be activated by anpTrratimt of a voltage across an 



rf nt ess be comprised of s coil of wire or • layer of 
coorfuctivt material along (he flow passage 323. The osc of a heat exchanger or 



ard electromagnetic waves, as wdl as chemical and mechanical memoda of 
20 vaporizing bqukl in (he passage, are also possible. The l esb taacc brattn g 

Bxrtngemnn heats the liquid material bride the flow passage, m the partkalar 
^mSmtimfTfi hy m nimtiiiy dgLiika l eocrgy bto beat energy as a i cub of (he 
electrical resistance of (be tube or heating elonrm sod the voltage aril bahaced 
anad supplied across ft. The voltage b applied by a power source 329 across 
25 ftwi n rmrmli of the heating dement 327a and 327b. The application of voltage CO 
the beater 310 b regelated, by the controlki 350, through manual inputs or an 

, the swhch 34013 1 



field effect tr nniT mr which aQows rapid swrtchmg (hroogh cycles less (baa 10 



passage 323, throogh a measuring device 341 and input relating to the flow rate of 



s can be used us the measuring device 342. The temperature of 
the liquid la the flow pm y y 323 is c tTrpfr* 1 *? based on the raeasQred or 
entajhaed resistance of (be he a t i n g element. In a preferred WTt ^ >f *^tr w * nt , the 
10 beater 110 b > porting of * metal tnbe, or the heater can be it ttrip or rnil of 

flow pi»**^g g 323 by iittpuifi^nng the rcBstansB of the beater, 

Resbtaocc corxtrol can be on a afcuptc principle that me resbtance of 
the heater 310 unit nut as its tnupn s to re iii u ea s t s. Aa power b ap pl i e d, via 

resbtivc btiring and the actoal resistance of the beater also increases. When the 
power b turned off, (be temperature of (he beater 310 decreases and 

310 at a temperature that corresponds to a syecrfied resistance target The osc of 



25 



nf T ir i wit (□ h sdo cc a beat transact to the Utpitl ms j teria l stacb (bat lapttd b 
vobnlized and expands out (he firs open end 323 of the flow passage 323. The 
crmtrollcT 350 effects doamg of the switch 340, which activates the heating 
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(hereby applying Car a d 



a of time, energy to the heater 310 and, after and/or 
nes the real rime resb t a nce of the heater, using rnpot 
from the measuring device 341. Id (he prefer red em hndrrnna , the resistance of 
the hritrr H p**"***-* *y m w mul n g the voltage across a antra resbmr foot 
5 shown) in series with the bearer 3 10 (to thereby determine current flowing to the 
beater) and i n f tK' " " g me voltage drop across (he heater (to thereby determine 
resistance based oo the measured voltage and current flowing through me ihum 
resistor). To obttta cxwrinnoas mewuremem, b snail amount of current can be 
fif m t 'f )T n «n y p»«M «Twt»tg ti itw ibust lesbiui and bester fur purposes rfruaking 
10 the resistance okruxrion, and poises of higher current can be axed to effect 
h^Btmg of (he h*f t,T to the desired '^'ii] 1 * '*timw 

fiilesired, thebcan? rcsbumce can be derived from ■ r neasuitiucu t of 
co mm . p****t*g through the beater, or other techniques can be osed to obtain the 
the co rfl roBer 350 then onto dssastbas as to whether or not 

13 



- 4.474x10* + 1 .telO*T - 3.091xl0' ,, T J 




set at 1 unlfisecord. If the Dsasitored resistance of me heater 310 □ 
20 s^hsunea vame is ksa than the resistance target, the uauru ila 350 b 

pi ng i mi i i nwri to supply n n *** 1 Ait m in n of energy by tearing (he switch 340 m (be 
closed ("on*) [ ^» v ' " '"'t The adheument vame axes into mtwmi t xmn such as 
hgat Ww y at tv hn TTT Mft ran iul " *"d . <*" enttr of the mramii i if device and > 
cydk period of the eofflroOcr ol twiirJlin g device, enctrg other pOffihnifT es, to 
25 effect, because (he resistance of (he beana vario o a faxsakn of t3 to 
resxtooce ^ " tt[ "4 can be n yd to achieve tempertmre tiiiinct. 

The couatioa to the temperatmre cocftscieta of re sbiirir y tor type 304 
die 



where T b the temperature in degrees Kefrin. A plot of the a 

|a2agange > M mm long capfflary mbe wfah ■ oold 

:. lA'C) of 0.669 ohms as a functom of its resbtioce 
S b shown m HQ. 5. The values shown to FIG. 3 icptejmt das average 

tnnperarnre of (he beater, i.e., the actnal renrperature akcrg the length of (he 
heater can vary due m factora suxji ■> heaa losses from (he dectricil bads and the 
vapGTtation of the fluid, and the temperature of the heater proxmste the end 331 
and the open end 325 of the flow passage 323 win tzaal to be lower than m (he 
10 mt«Mi» of the beater. 

The conrroOer 350 am be prcgrammcd to determine the rerirtaacc of the 
benrr 310 by processing data nmresenntthre of the vobage drop acroas a itam 
resistor and votrage drop across the heater. The power being sent to (he beater, the 
cammbutve etsergy rasit and tis r^ 

15 



(5) 



Energy •(Input 1- Input 2 •0.100- Energy Coef) + Energy 
Resbtance ° (Lmm UQapux 2 - 100)) ■ Resist Coef. 



These ts ssstt ioiTJ are based on Ohm's Law. bests 1 b a mnhifuncrioo rnessaremec 
aeasurei (be vohage drop across the heater, an! bput 2 b 
i measures the voltage drop across the shunt resbmr. The 
shunt resistor can have a r e sb t ance of 0.010 chins. Thus, energy b joules be 



Energy ° Ftrwcr a Tone • -K 



0) 
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where Vfc_ b the voltage drop terra Hie hoax (Input 1), I b dm oar 
the system, tad t is (be dmaudn time (eg., 1 n i Ottrcon J) of power a p p lie d to the 
heater . Tlx anient through the system ess be rahiilwfrJ from the voltage drop 
serosa the shunt resistor ud is known resistance os follows: 



Input 1 
0.01 (ohm) 



0.001 (sec) -kjmJl • Inputs- 0.1 00. 



(8) 



CO 



where b the voltage drop across the shunt resistor (Input 1) and R*,. is the 
resistance vibe of the sham resistor (0.010 oho). 

The energy per dnntioD value ess be corrected far hgtn nat atil variations 
whh a calibration factor, ECF. The dur a tion energy is edded to the previooj 

x 310. Ukewbe for rhe resbtaitt vnlne of the 




(10) 



IS 



The resistance nine b iben corrected by a calibration factor . RCF. 

Control of resbtssce by the controller 350 offers seven] advantages for 
controlling the better. First, when (he beater 310 is initially started, (he controller 
350 can no d energy continuously to the beater 310 amO h reaches its operating 
resbtssce target or a lower value to prevent bntixl ova l, ratin g the heater after 

20 provides the fastest start op of the beater. Second, the contr oller can 



rgy bung tent to the heater to n 
Cor msdntsining (be resistance target without regard to die delivery rate of the 
liquid material, at least to (be Upper long of (he power source 329. As long as the 

the beater 310, the beater cannot be overheated due to a Ciflnie in Che flnid supply 
system. An c rputrj*!* of a beshng cycle is depicted to FIG* 6v which ifo f Ttr ^t^* the 
timing cycle for the resistance control algorithm, the resistance target m this 
example hernfl 0.783 ^ ^*( ft i^b abo protects Rgstrwr over heating doe to the 
power supply voltage being set too high. In addition, this system was found co 




adjustment value is greater than the target resistance at the cad of i pnbe duration, 
the controller 350 tarns the switch 340 off, thereby withholding energy from Che 
hfatrr 310. After another predeosinined duration, use controller tons the switch 
340 on and repents the process. Far example, the una A y< ™lririm lnal duration 
can be rem 8 msec (e.g., 2 milHPTrmrtj cm tpd 6 millhrrmflfr off or 4 

on and 4 t"ftttw«inri« off, etc.) from the previous offitm wben the 
b 340 was turned on. 

^ytiwfftfttj t vol&iiliz&d H^^U fa vhich o ptozslity of ccptttfo h**-***** xro osod to 

previous embodimesis, b flow passage 423 with a first open end 425 has a liquid 
msEcrfal mpplictj to h itin igti m end 431, a vilvc 442 controls the baftoflocttoB of 
tbt liqnid t which is applied from i looice of liquid irutrr lal 433 by a pump 435. 
Io this potScotflr ymT?r?H ****** n * , two scp&ntE hesten 410 nod 410* jstc nsc-d to hesx 
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Power b supplied to each of the heaters through uimU 
far beater 410 end terannals 427»* and 427b' for Inter 410*. The application of 
5 pow er to the b eam s b controlled by controller 450 with an associated memory 
451 and a display 452. The WTn w ftiVr 430 controb the applkamtm of power 
through s switching circuit 440 or other rrft'M^ anangement far power wnii'rt. 
The switching cir cu i t b capable of applying power inrtipnibi i dj to each of the 
beaters. The power U supplied by vofcXee source 429. The controlle r controb the 

devices 441 and 441* as weD as rnpm rxom die valve 442. The crmtroPer b 
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control by the coaxroOer 450 as described enviously. As discussed above, the 
te mp er a n ue across the flow passage 423 can vary from (he end 431 where Bqnid 
mxttrial a nrpT ffd to (be open end 425 where (he material exits as a vapor. As 
20 such, the use of a phnaliry of separate beams to control Che te mpr r i tiu e of the 
flow p assa g e and (he liquid thereto b sdvsntsgcoos because of different beat 

t urxfrr thttt^ tw ptrira fK*mi pOTDOnS Of (he flow pSSSagC. To ftlil bCT [Cgulste 

heat transfer of (be flow passage to ass tiuuid, f**fri*m«t beaters <*" ^ added and 



Manning devices 441 and 441' in this puiiaibi e 



SenOarty to FIG. 3, heat M' lr tf rT to (he Qqmd material from the beaters 
can actually be Kcomplishcd using a sfatg te hesBT wbh dlftereia hesnag snnes. 
For exiotple, a single hearer having difierem zcoes ot ip^ 
deseed faxanoo sJong dae Bow passage. e.g> , more hear it one end of Che Bow 



to the flow passage to a tcorperatBrc just below die p oi n t at which the Bquid 

n of valves. Valve cwitiftl 
s co be directed to different exits, far a predetermined 
tune interval. For example, the vapoz/aerosol can be directed through a first flow 
path when the heater b in a nan-conf turning eonditxec (e,g. noo-cteady state 
coodhson), and a valve arrangement can direct the vapor/aerosol throngb a se c o n d 
i b in a conforming cnrstifinn (eg., steady state 



25 700 lnJudes a membei 703 drfrnfag a flow passssss or i baand fii eapahle of 
onodnetfag a fhdd or vapor to a first open end 725, and a power source 729 far 
ipp r yim j a vctagx to the member 705 xocb dm a curms b (he member bears cbe 
Oqv pcujB to a ^yr njy^nyr^ sofiQcicfli co ▼obdlirc i Pry*^ cquztiaJ to the Oow 



woavotisM 
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passage 723. the volatilized craterfal expands art of the open end 723 of the flow 
passage 723 and, if desired, ones with the ewbkm air to form an aerosol. 
Liquid am be supplied bom i touice 733 of lipid nataiil by ■ pump 733 or 



rep laced win any 



The Oow passage 713 fa da CBftodjana fa preferably 304 stateless ceeL 
Howe tci, soy electrically owWlmil ng i tunr .i ul c&pa ble of being tesistjvety hf^fd. , 
retaining me necessary ttroctnral fategil^ it die opcnlmg taqmnn 
experienced by me flow passage 723, aad mffirirntty non- reactive with the hqntf 

metal conyoito, or other tnctab or afloya. The flow passage 723 has an outlet 
723 thai ftHowa the h r al cd mrmaJ to escape aad an inkt 731 thai iHowi Cm: 

TtipTrft rTBtn iaj tO be SCppficd. 

The msnmnem 700 abo inrtodes valves 742 and 743. Valves 742 and 743 

the hfffff via a flow patu^ 760a and dliem vaporized raitnlil or aerosol from 
the heater 710 to me verve 742. Aerosol can be formed, if desired, by mixing 

to the flow 760a. For cxatnplBi as optional nr eolet 7Q. may be arranged 

bearer 710 and drawn into tho flow passage 760*. The vahu 742 fa in fluid 
wiiuuuritcation with an exhaust vmiu pomp 744 via a flow passage 760b, and is 
m fluid cacsnnnkiljan with valve 743 vh a flow passage 760c. Valve 743 ism 

preferably a high efficiency particulate air (HEP A) filter, to remove nutnlil from 
me aerosol or vapor before the air fa e 
760a, 760b. 760c and 760d are preferably n 
tubing. Valve 743 is in flnid nwimmifr >T»m with a |TW1 ^ , piWff 770. through 
which a user can inhale aerosol. However, the mootfaptece 770 can be omitted or 



In the case of an inhaler, the instrument preferably includes a pressure 

whh the mouthpiece 770. The |m< >»uj c wi i m 743 fa acttvxtcd by a too mhahng 

770, which fa s owrd by the ptesmie t en s or 743. The pi ts s m c sensor 743 can be 
extremely sensitive. For example, the pr essur e tensor 743 can be triggered at a 
selected pressure drop and/or threshold value of air flow, for rxarnphv, as low as 

Accordingly, the pressure tensor 743 can be triggered by a user without wasting 



Valves 742 and 743 preferably operate in tho following minim. When 
valve 742 b in its defantt position, the bcttbo! can flow along a first flow path. 
Namely, flow passage 760a carries aerosol from the heater 710 to die valve 742. 
and the flow passage 760b carries aerosol from valve 742 to the pomp 744. The 
aerosol fa filtered by the filter provided in the pump 744 and exhausted to the 
enviroamtot . When valve 742 fa m its desalt pesmon, the flow passage 760c fa 
empty (i.e., there fa no aerosol rnoving through it). Accordingly, no aerosol flow 
fa p^Tinrff'^f to the mouthpiece 770. 

When valve 742 u to fas default position, valve 743 is also in its default 
position. When valve 743 fa in ha defanh pmrrinn, flow passage 760d directs 

la preferred embed rtnenrs, the aerosol generated by the hearer 7 10 fa 
f^hnwH to the pomp 744, and aerosol flow fa sot supplied to the mouthpiece 
770, until the hearer 710 reaches i conforming condition. For tia U ifJ c , a 
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e.g., nearly enmtant at the resistance target. In the steady irate c ondition, the 

pfnnfth*** 1 nay alternatively be, for example, a s el ecte d ternperatnre range of me 
flow passage 723. Ota a desired coodirJon of the beater 710 fa achieved, aerosol 
5 cm be defivered to the Bjautbpioce 770 via a secood flow path. 

The msrmmca 700 can opcrsrn rach thai the valves 742 and 743 remain in 

delivered to the moraspjeoc. The selected period of time fa not Bmfaed and can 
be, for CTtnptF, 2/3 second, I second or 2 second. Once the selected period has 
10 expired, under umiru l of Che controller 730. the valves 742 and 743 are mowed to 

The busmners 700 can also operate such that vapor generation is 

a user Inhales on the nscntfapiece 770 within a predetB irsrned 

the iiiSTTiTUrftfl fa ready to deliver a dose of rn edka t e d aerosoL Ahernalrvefy, the 
pressure sensor 743 can liKt»*t^ that the user fa attempting to receive t dose of 

20 nnanmerfl "ill dan off the heater 710 and nxtrhsua fl at tahaa in the dentate 

condition. Thrs. if whhin the predetercdncd tim e icd the fvnnflPfr 730 stops 
leeajvfar g s fajpafa from the p ressure soxsor 743 Chat inT r \ 3 ,r a user a "r>rmim^ an 
the QSOtttfap itl t 770, the eoKroOer 730 terminates geoersTJOO of the volatHrxed 
rnxsernl by the beater 710. For e x anrfll e. the rt rr* period on be 3 seconds. If, 
23 wtmia Qt£ t r kr rr d trot period, the cacs-oHer 730 tec er ve s s signal from the 

743 ^ffrt^j thai a has been triggered by a user hrhalrng on me 
750 moves me valves 742 and 743 » their om> 

OTB 



passage 760c and to the mouthp ie ce. FIG. 8 Q 
of a thsing diagram for the operation of the msrjumest 700 for a selected time 
period of 3 seconds, indicating instrument run time, inhalation detection Qry the 
prcssnrc aecsor 743), aerosol g n a imiiw and valve acmanon cycles. 
5 tn other w flfr ,w fifTT*" t * of the inscrument 700, the mraithpiece 770, pressure 

tensor 745 and flow passage 760d can be omitted. The valve 743 can optionally 
be included, if desired. An optional flow passage (not shown) can be provided in 

controller 750 can direel the volatilized material or ******* via the flow passage 
10 760c to a detector for analysis.. The voinilbzd maserial or aerosol can 

aheniarlvejy be used for other pu r poses, fur r a arnplB , applying coatings , ma t in g 



The corrtrofler 730 fa operable to control operation of the heater 710 end 
ddh^oflstpadfrcm 

of the pump 733. As ^rp* 1 ™*** above, the l ** mfTrJI " 750 receives signals from 
the pressure sensor 745. and operates valves 742 and 743 and pomp 744 Co cannot 
the flow of aerosol from Che beater 710 » the uaaia^uitx 770. The controller 730 



in a memory 75 1 . The uanucr y 751 can record snch parameters with respect to 
operation of the volatilized | i < j r " < ^ generator, which may be desired when 
condnctfarg "p^rt**^*^ or rnQnruxrrng Qjnahty of the precursor vapor and the 
aeroso l. The iwiwiHt 730 al so fip fr wrr a iwUihlug ^ti" 1 ' 1 740 tor applying 
power o (he heater 710. Abo associaied wfah the cxaaToOer 750 n a dnptay 752 
o assxs a oser in vfauaOy o m t d r or farg the generator while boperarJoo, and abo 
for ^*yp faying user ff^tmg? and the oorrmnta of the memory 751. 

The power supply for applying a voltage p this prh^odrmeta tgesates the 



bead 



a 729 aad two tntrrimb 727a and 727b. The power saute 729 
trnem (DQ bartrry or a direct current pema cmply. The 
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of voltage to the bmrr 710 it regulated, by the controller 750, ihrough manual 
bputs or operatic* program, through a rwiteh 740. to thb antodnaca. the 
twitch 740 b a field effect transistor, which allows njul swftdiiiQ ffaragfa qrcles 

Tbe t^fii""^" 750 receives input relating to the ttrnperaturc of the flow 
passage 77V rtrrnogft » rrernriog device 741. The tempejaliue of the liquid in 
the flow passage 723 is calculated based on tfac niLasuiui or calculated resistance 
of (be beating element. Id a rarferrad crnhnriiira m, the beatei 710 is a metal tube. 
TV rmiT TX Jl ,l * r 7SD regulates the tniii rntur e of the flow passage 723 by 
mnnirnHng the resistance Of the beater. 

Ai described above, resistance control can be based on the pr ta cj nte that 
Ox rcsisaax of die brarr 710 toerotsa rj its tnrpertnirc bcrancs. As power 
b applied, via switch 740, to (be beater 710. its t ruipriarurc increases b ecame of 
resistive rieaxing, and the ac^ When 
the power b turned off, the temperature of the h e a t e r 710 d ecrease i and 
correspondingly hs resistance decreases. Hats, by xncnitoriag i 
hr*" (e.g., voltage across the beaor using known current to c 
and controlling application of power, the coa mflg 750 can n a j an do tbe beater 
710 at a temperature thai con expands to a specifie d resistance target, The ose of 
o ne of more resbtive ejemonta conM abo bo used to PQnitoi tetppetatUTB of the 
heated liijuad to *»HHniiim " fl where a resistance hwirfi b not used to beat die 
liquid in die flow passage. 

The resistance target is s elected (o correspond to a temperature dial b 
sufficient to induce a heat transfer to die liquid material such thai liquid b 
whdliaBd md expands through cutlet 723. The controller 750 effects dosing of 
(h a switch 740, which activates heating, thereby applying for a duration of tunc, 
energy to Che heater 710 and after and/or during such duration, determines the real 

c 741. In a 




5 and current flowing thrrsggh the shunt resteer). To obtain o 

If d e a j r e d , (he heater rcaistance can be derived from a ga^agurtsnccl of 

resistance target for the hcatH 710 and the actual resistance as determined by (he 
coTttrolkr 750. 

15 In a devd o r a Tj ental model, the dntadon of power s uppl i e d to the heater was 

b 

j duration of energy by leaving the switch 740 in the 
20 beat loss of the heater when not atrjvatcd, the error of the measu ring device, and 

ry rtfr. pprfr«t rf th e "^^ tlt T f T^Wg f *** w tQft v M lW U fl '^Vt pWT lhilrfifT D3 

effect, became (be resistance of the heater 710 varies as a function of ha 

The controller 750 can be programmed to determine (he resistance of the 
7^ fy**^*T 710 by promoting rrprry nimlvft of dtf **n?**g^ n^fnay ^ rinrnt 
reabtOT and vobage drop across the hearer. The power being sent to the beater* 
the cumulative energy sent, and the real (fane resistance of the beatei are calculated 
by equations (5) and <e7) described above. The shunt restaur can have a resistance 
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10 



of 0.010 ohms. Thus, energy in joules b given by constant (7) described above. 

The csrrep through the system can be faVitbDsd flum the voltage drop 
serosa the shout resistor and its known resistance by npiitton (8) described above. 

The energy per duration value can be corrected Cor rnstnuneatal variations 
with a calibration factor, ECF. The chrrarioa energy b added to the previous 
energy value stored in the memory 751 so d 
cumulative energy cent to (be heater 710. I 

beater, equation (10) described above b used. The resistance value is then 
collected by a calibration factor, RCF. 

Control of resistance by (be controller 750 offers several advantages for 
rwrntj^Jimg the hearer. First, when the lrn»r 710 b imibOy started, the contr oller . 
750 can scad energy continuously to (he ^■ Tyr 710 ""*il it ha e yeratnpj 

15 provides (he fastest start up of the heater. 



wirhoui regard to the deJivcry rate of the l i quid mztcnal, at bast to the upper limit 
of tbe power source 729. As long as the resistance on go and ccaTespcodrag 

be prooxxed Aon overhearing due to a fnOnxe m (he fluid supply system. An 
cxcrplt of i betting cycle is depard b FIG. 6 described ifcorc This also 
proceed * j*ttt** tmrtfm jiTwj due co the power supply wdragB being set too Mgft 

If rneasored icsxsrance of the 710 the predetermined 



beater 710. 

740 on and r epe a ts the process. For example, tbe tffoort predetermined duration 
cantxisetat 8nnffi5eanb(e,g..2mfn 

5 iwbcb 740 was tnmed on. 

For example, two or more flow passages with beateri i 
arranged to defiver vjpmUcd lhpud tn a condntt duuugb which air or other 
mediu m is p assed Analytical devices could be located along and/or downstream 
10 of (br to twgAgif b vnsMca ^birw^^^-^^* °f tbe ^MipoT^TJEd Irr pr^. e g 

1 5 fhnd mm the ooodurj as ^|^^nf parallel gas stresma, radiaQy directed, 
apart gas streams, etc Theparafldg 




which do not mix well in bqusd fi 
The hrstnaneo t can be used to study various aspects of across] 

nsxtsial wsppBed to the aerosol generanzr. For eaample. tor aerosols uui utoJ for 

diaxDener particbs cd the 
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23 



glymtri, am be fcrmed into eerosob bavins mass nxdim partide diameters aal 
tanpcranaa fa desirable ranges. While ma wishing to be bound by theory, it is 
believed that (he ciae^ 

achieved, u least m part, n • result of the rapid cooUngaodcoadamdanof (be 
TOhfljgj materMthat eain the heated flow passage. Manipulation of paiauam t 
of the v oTril'r^ l' t T nM flH , " atnr r such ■« intwnai dinoetef of the Sow 
pzsage. bou transfer crurascristiej of the malarial drfiring the flaw passage, 
tyring capacity of (he beater, and/or the rate u which m atrrra ] in liquid farm tj 
in^Qed to the Dow passage, can be permat ned to affect aerosol temperature and 
mass median particle dhsnctcr. The iiauiuucnt can be used to investigate aerosol 
foxnaiira ciing propylene grycoi ml glycerol » liquid carriers fa drop such u 
hoJea oddB The nstrnned can also be med to nrvearigatc aerosol hnnaooa 
mdta vaporized fluid properties of farmd gateriab, socb as )ct fad, p-TTiridn. 
berbscUes, pami and other types of materials. 

U wfifl be appreciated thai (he tostranent may be ndrty terge, incb as a 
tablMBp irani llfw< tlm , lhe principles of the msuiuncnt nav be jgphinuitoJ 
{q other focus, such u a miniaturized device. The aMlirj cf the grnmtnr to be 
miniaturized b, fa large part, doe to die highly efficien t beat transfer between (he 
laeatcr and the flow passage, which fedUmtes battery operation of the votatilkod 
liquid generator with tow power reqtnresnena. 

The jpgr a nea i *** hrt^aatrsaA m a laboratory cnit designed to mdndc 
progrananaMe operation of an aerosol generator, wherein BqnJd la vaporized by a 

heater srrtagtsneat The fm sua can be modular m conrtmrtkm so thai (he 

ririoQS oernponenti can be exchanged. Aerosol man median particle d fatmrtrr 
can be measured using a cascade fanpactnr in accordance with the me t hod* 
specified in (he Recormncndationa of (he U.S.P. Advistjry Panel on Aexoaoli on 
(he General Chapters on Aerosob (601) and IMfonnfcy of Dosage Units (905), 
a.. Vol. 20. No. 3. pp. 7477 er. ttq. (Mayslunc 1994). and 



The besic resistance control program used by (ho h 
wtiptro tor various appixcanans. for eiarrtpin , me uqma can oe mppsieo oy a 
syringe pomp and the apparatus can be programmed to generate an aerosol tor 
very long run times. For example, in (oncological s tu d i t s tt may be dtslicd to 
generate an aerosol far several hours. In such case, it may be desirable to run 
four heaters srmummeossly for an c it ended period of time, socb as 4 horns. In 

run l ' rTt * » would be more on the order of 10 to IS s e conds. During e xtende d runs, 
tfiff operator of me fm'Huw^t can be sxpt mformed of the opernnnn of (be 



nsing a standard updating procedure. As the r e s i s t an ce target entered in (he 
irwminiPTTt ^nntrH p rn g r * m is lowered from ha optimal value, the aerosol quality 
soon decreases. In paflfcatlar. more liquid will be ejected from me healer as large 
droplets and esxeas fluid will drip from the end of the bearer. Ai me resistance 
i is Increased over its o 




of the aerosol Raid, may occur. In an exiieme limit, me beater may begin to glow 

The voltage chosen to drive ihe hf ***r determines me amend of energy 
that will be sent to the heater m each pulse. For 1 mfllisrcopri pulses, me energy 
per pulse in joules is given by the expukm: energy - V*t/R, where V b the 
voltage across (he heater, R is the beater resistance, and t b 1 miUbecond. The 
voltage across me beater is direcdy related to the voltage of (be power supply, but 
fa slightly lower because of losses in the wiring. In general, the lowest voltage 
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(hat can be used whh ■preferred 
lower Ihmt b set by (he mttxmm 



This 



vo&age can be set such that Che r ritsrnncr l uc re a ic for a single pulse of energy b 



d to operas (he FET. 



els power CD the N-a-rr also provides the rwi2±icg vuttajr fa tbe FET. The 
r e sis t ance of the heater at steady state can be assnmed m be nearry ccagomt at tt>c 
r e si st an ce target. Thus, rfmgpng the wf&ge can marje a large difference in the 
energy sent in each pulse. The effects of vohage appear cntinly m me steady state 
opcranon of the heater. If me voltage b too low, me header insj have troobk 
rry rfitn; the m\p*TK* target and the aerosol quality caa be itsradaL If the 
tettmg for the voltage b too high to the case where the algorithm uses an 8 
nfflfcecend cycte to conircl the heater, tf(ooinnch energy baemfa asrngtepcdse 
the heater may nmr4 the i **f«taw^ target by m ore than 0.002 ohms. In such 
case, it may talc several cycles for the beater to come bad on, but by dm ttme 
the heater tray have cooled fmtmrmialry because of the Bead flow passing through 
h. Accordingly, the votoge setting ca be optbih^6» 

The power rarnired by the beater to produce an aerosol bdirtctly 
ptucnrtkmil m the fluid flow rate passing therethrough. If (he flow rate b very 
tow, e.g., (ess (has 0.1 ml/min, Cie hessr may act as if the voltage b too high. 
On me other hand, if me flow rate b too high, me bsa» may aa as tf me vctogt 
a too low. R«jrtpg the vohage may be required o tuujpf nute for high flow 
rates. The length of the rimin g (duty) cycle b preferably set such that the bearer 
win com back on Iw fi ' ir tt coots significantly . Experiments with a 32 gauge 
catcto ited nme u the hesier at a flow me of 0.1 ml/mra faScaie ma t inrmg 
cycles between 4 and 10 eoulbxconds have tele effea on me aerosol. However, 
the dnnng cydc can be el umge d to cumpaisate mr behavior of (he beata and/or 
prepertaescdmeaeitisot The goal of reszconce control b » ix^ me oeKrating 

. As me 



resistance of the hearer and ensure that the resistance target fa not eaneeded by 
more Chan 0.002 ohms when the slgorimm t un a the beater off. Thus, a 0.002 

i can be used to trigger supply of power to the heatn. In principle. 




target other than the 0.002 ohm d 



Whj|e ipe invention has been described with r e frrracc to me foregoing 

beurumcxtt and/or method of use (hereof. While the ins&mnem has been described 
as useful fa r ***** * * '"''' " g p fm*>h far inhalation err other uses such as toxicology 
Etodics. the msTxuxnern could be used fur ailrthioral puj poses such as applying 

l » j^l nr r 4rl r» r ri n g "npniwd P devices ™* * it riernufunhngm , 
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What b CTafntHl is: 
1. An Ins 



0 leas oae flow passage having a first open end; 
5 a Uqiud tupply operabte to eppJy liquid nattmJ to the flew passage; 

ft least ana beater tn-angemcta adapted to heat the flow passage to a 
tBppcnBac affideai to vobmTfce nattrial in Bqnid form in the flow passage such 
that flic vobrflned material expands out of the open end of the flow passage; 

a T^TTTtT T ?TVrr "pCTtblff to txtrttni cperatim of the taifl and i^iiititil 
10 operation of the liquid supply, 

f pwtnifnr tnfl TTWityiiwrrt nprraMe (0 Apply ttCHOT pCJ flUUlUJCO daft tO 

the comrolkr. 4c data being osed by the c on tro ll er to supply power to the hater 

j|fl«njwnmtCTtna>IoffrJOWPtDlhgh 

enangcrnestaiad 
13 a memory ope rable to t 



ontpins data rcprtscuutivc of a *f TnjMnnnr d^ffTvf* w * resistance of 
5 controller cpentes the swttcbJng device to supply pulsescf power to (he leatstancc 



6. The mui uunm AdUwJLjg to Claim l t wherein the at least one 



7. 



I oo Claim 1, wherein the liquid apply 




2, The imtiimmit according to Oaim 1. 
miamnmd in±jda » switching device vrhkh ceinrolj supply of pawn to fee 



3. The iiwinimwn «n^TYfa| to Cbrfm 2, whereto the beater 

20 trr ffiflnp-"* fart"** 1 in* m* nrkancc heaig tyranaftv Hg i ipr uiag ■ tcctkm 
of a metal tube tt-ftnfnfl the flow passage. 

4. The fastnnnent according to Oafap 3, whoeto the flow pass a ge 
fnmrT'"'* a capillary etaed passage inch as the interior of & capillary cube. 



period of time, the predetermined period of time being drtrrmlncd by input of an 

8. The instrument according to Claim 7, whereto the coa t r ol l tT 
cpetatea the valve arrangement prior to operating the h e a t er arrangement to heal 
15 the liquid marcrinl supplied by the bqtod simply. 



to Claim I, 



It. Tbeii 
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12. Tfa- »-—""—* m Cbim 11 wherein die aerosol has a 

3 nxrfhm psrtjcle dicaKer cf between 0.2 and 2 mcrons. 



g to Claim 11, wherein solid particles a 



S saspeodedmsobmMmiheliCjsa^ 

the open end of the flow passage as the vohmTired inaterial esparsb such dntt 

d parities of the ticjmd material md the sc^ particles. 



10 



14. Ttif b rer"™-* — wifinf. » rhm i. wherein the flog passage b 
defined by aa arterial diametBf of a stainless sted tnhe, the heater arrst«r*r»« 
oomprisa a pair of electrical leads anacbed to aziaDy spaced apan loeatksns on fla 
tube, a DC power snpply is esecokaQy ccnntetBd to (he pair of leads, and a 
r»T2±iiug rr nntmrn u openide CD nsarapt Gow of DC omrofl froa fix power 
sor^ o the tobe, the cmflro^ 

srrangemcnt to efleet soppfy of pnhed power » the tnbe wha lin^ material b 
IS Brpplied to the tube. 



13. Tfaemstran 

rfr fTTrd by a passage in a w wmfr. hnnteaie. the beatrr aiuingt iicfl aimp tbcs a 
rrtfpmrr h* - *"* kxxtrd tfamg the {km passage, a PC power cgedy a etectricalry 
cgnp a ted via a pair of bads to (be bf nn. and a switching ai rart gemeut t* 
20 np rr»hif tn i 1 11111^11 fkw <rf DC amtafl fctan the power supply o the heater, the 
cnmTostabemaopcrthfr ennn earitodg 
me beater when lkpad material b supplied » a« heaa. 

16. Thehnoxn 




17. a method of operating the bOTiinm 
bring the steps of: 

selecting a tnrgrr p arameter " """f^fag to a 
wo^ivr*. « KqrAi tmtEria] gimtn the Sow passage; 

supplying the Uqnsd material a the flow passay, 
# i >»i j^i r i nj the beater anangement; 

pfr^vfp^py j*>*Ti ti P" *"fl * ranfcmcd parameter of a mlq a nrr . heatina 
of tbe 1 it jtr r anang emi pt j 
e e gn j aiing the mordtored parameoa to the v 
supprying power to the resbtance beating ebanern « 
etcr b less than the target p arameter . 

18. The method aceardrag to dirm 17. wherein the step cf perioCxaDy 



19. The method a ccor din g to Cbna 17. wherein the mh e m e r beating 
mppfied power in pnhw ha ving a day cyde of 1 o 100 mgSseecnds. 

20. The method n ^TT ^ rn g to Qahn 17, wfaerem the targe* p a r a rrrrn b 
ibn 



woomizsu 



Krvvsmnm* 
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21. The method according to Qahn 17. wberem the controller b 
openbte Co control • duration of snpery of 'he liquid material to the flow passage. 

22. lheo«hod«ccojdiBj to Claim 17, wherein the flow passage b 
drfbxd by ci tonal diaries 

comprises a pah of elecrnicaJ leads attached to tucixDy spaced apart tocsdooa ob (he 
tobe, a DC power supply b eJeeakally cameciedtodxpairofleads.aeda 
p ^^s «fmgH«»fl b operihk to intorcga flow of DC current from (he power 
tapply to the tobe, the controller operates (he rgfadnng ari angrrnrnt to snpply 
power to the tobe when liquid material b supplied m (he trAe. 

23. The method according to Claim 17, wherein the flow passage b 
drftrH by a passage in a ceramk bmxinate, (be heate r arrangement u d mube a a 
rtsbance b-**" located along (he flow passage, a DC power supply b electrically 
concocted rii a pah of bads to the heater, and a switching mm&uDcot b 
openbte to interrupt flow of DC current from (he power supply to the heater* the 
eoaroDer operetta me iwkhiag anaogemeta to stq^ power to flic beate when 
Bqntf mwHal h prppfifd to d 



24. The method a rrw tl Ht to Claim 17, wherein the at least one ft 
passage comprises a ptarafity of flow passages ataJ the at lea« heater 
Bxrai^eaart ccmpibea a pbjrah^ 
20 parages bfrn| ftm^*^ °^*> "* °* heater arranaanecta and the beater 



at least one flow p a ssa ge baring an ta rtlet ; 

g£ Ipayi Ofl p lrr * fpl adapted to bees the flow p*F*^g* to a tempeaaflne 
mrf RHpTTt to vohalizE materiil m Dqnid form In the flow passage soch (hat the 
5 volatflxccd material flftpMi om at the onto of (he flow passagr , the volatilized 
tnaxeml optwrafly being ^fr™^ with air to form an aerosol: 

a first flow path in goal comTrmnfrtTirm wim me onto of the flow 



a se con d Sow path m fhzkl '•"""»">rf pgt ^ n wish (be "»t^ of the flow 
10 passage, the second flow path being different from the first flow path; 

a first vaNc in Stnd coimnnnkarion with the onto of (he flow passage; 

and 

a ccmtroDcr t7* t* m * to control operation of the firs valve soch dm the 
volanHzed material or aerosot 0) flows through (he first flow path when the beater 
15 b in a dop- h iii f annin g condition C") ftm tbrtmgh die tecond flow path when 



26. The instrument according to Claim 25, 
in fluid ™«»mn«»«»tfot) with the first flow path, (he volatilized material or 
being directed to the pemp by the first v*te -*t*ra the hcan hint dod- 




27. Thf jpTfTT 1 ™*"* ~mrf- ml to O.hn ?A »Wm the pCTOp CBtwjmwn 

a filter whkh filirn the vobrilized material or aerosol and me pump nrtmmi 



25. An bastranjeat to eeraraanon of volatilized □ 



23, The iiiiuiuneni according to Qaim 23, further comprising.' 
25 i pr m irtr p K r t"*fag «° omfa, the mnrthrw rri: being m fhnd 



-41- 



fonmiimtf rifi (be rmrrv'l flow p sdij and 

a pressnre sensor fa flnid oom rtiimlr a tkin with the 
wherein tte pressnre sensor cntpnts at least one eh. 

when a user cm (he otztlet of (he mccthpircc. 



29. The instnnneoi according ta CI - ri m 28, wherein the conrrolla- is 
opasbb o aadrol CfierBikm of (te 

aerosol flows (bough the second flow path and mm (he mootbpan when the 
pressnre tenser detects a ttaesboldpresaae drop ta the 

30. The mstrunxnt according to Qaim 29. wherein the controller b 
openble to control operation of (be fb^ verve etna that 0» vote 

aerosol fbwi fcocjfa the «coad Cow p2& erf c=d tie nxsstfapiccc to a ttlcosd 
period of thne. 

31. The insmnnenl according to Cbim 29. whercm the controller b 



34. The mstrement according to Qaim 25, wberem: 
the eemtroller b piupmiuied te control cycration of the heater and the 
liquid supply; and 



data to (he controller, the data being osed by (be controller to supply power to (he 
heater or © cot off power to the beater to maintain (he heater at a desired 



a memory operable to store parametm assodased wim me 



g to Q*1 H| 25, wherein the heater b at least 



36. The faenrnmcn v+irF*™^ to Qaim 35, wberem (he 
t-r^*yri cf the beatrr u a ccady vxz rtaijcnxe yiTuc. 



IS cxmrxoflo to oot recei>e a aigrad from (he m 



37. The instrument 
ter ba 



d25.^ 



32. The fa 



38. The trn m rnyTTT Krcoding to Qaim 25. wfat rein (ae c 



o of votarihzed material by the beater if, whhm a 



p wfl c Bsndo ed time mterval, the rn nrr^fk r receives a signal from the 



33. The I**" "" in according to Qahn 28. fnrrher cuunri rung a second 
valve in ffrnd ai iii iiii' i ia ilk a whh the Tn o nfftyirffrr . (he eoomnler hehrg caaaabte to 
<wrol ftpTTiff" ^ trcrrrA wNe » <&m ftnw of «b bao Cbe rncfTtbpVrr. 



ah* Co form (he aerosol, 
rising: 

lupplying Bepfld rnaarial ro the flew passage; 



wo rousts 



rcmista/un* 
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oat of the otnlet of the flow passage: 

wifli iir to futiu an aerosol; 



controlling apenmon of the first valve nth Oil die volatilized irjsterfal or 
3 Krosci (i) tfmwgh the first flow p*m wben the bato ubiam- 

ccnfcnnmg caafiden and (u) Rows through the second flow paih when tbc heaar 
b fa the contenting condition. 

40. The aa ethod according to *" 1 *^ m 39, wtmein die confonniog 
cgrfjam of the baler b • toady ads resistance vttae. 

10 4], The mcti»d acamiing to OAira 39, whatta the conforming 

condition of the ham b • selected taxventmtnogerf the flow passage. 



42. The method ■ 



g to {"Tjttti 39 t farth er ccmpra ing filtering (he 



43. The method 



tor in BnM cosnaanucsnon with the aaaahpfeoc; 
the method tether comprises detecting • pasore drop fa the 
20 with rte prasnre sensor when b user inhales cm the awathpiece. 



44. The uif**»°d according to Qaun 43, tether comprising controlling 



operation of the first valve using die ccsrtroflex stadi that the v 
flewj through the second Sow pain and imn the mouifcpiccc wben tttc preunre 



aerosol flows through the second flow path and faro the mcaahptece for a le sected 
S period of.tnnc 

46. The tneihod aoccrdfag to Qafai 44, Bather c nm pr tim g aa tofaaBag 

interval^ the ooxnTdQer docs not receive a tjp*t from the pressnre y^^nr 



47. The assthed accordfag to CI rim 44, tether c 



p «i mi itpq flf w^ py < tiwt^hi hy th» hxffpr if, wtthfa a predetermined dme 
httervalf the comroUer receives * signal frcrn the pressnre tensor tndj f stin g that 




HG.3 




FIG. 7 



